Background: Positron emission tomography/computed tomography (PET/CT) scan is useful if clinically indicated. It is not for conventional routine use due to its high cost. Moreover, it can be confusing if ordered in non-indicated conditions. We evaluate if the pattern of PET/CT ordered in gastrointestinal cancers (non-colorectal origin) has followed evidence-based guidelines and whether it helped in the improvement of patient's outcome. This study included non-colorectal gastrointestinal cancer patients from 2007 to 2008 who had one or more PET/CT scans done during their management. In each case, data collected revealed whether PET/CT affected the management or the stage or not. Patients were identified through the hospital tumor registry software CNExT (C/NET Solutions, Berkeley, CA). Tabulation and statistical data analysis were done using JMP-SAS statistical software application (version 9.4: SAS Institute, Cary, NC, USA). The scan report quality and use indications were outlined. Results: Seventy-seven patients were identified, with 107 PET/CT scans done. Their median age is 59 (21-86) years. Males were 45 (58.5%). Tumor origin was 46.8% esophageal and gastroesophageal junction cancer, 15.6% gastric cancer, 11.7% pancreatic cancer, 11.7% hepatobiliary tumors, 10.4% neuroendocrine tumors, 2.6 % gastrointestinal stromal tumors, and 1.3% small bowel cancer. Indications of the PET/CT were as follows: staging in 59.8%, follow-up after finishing treatment in 14.9%, restaging at relapse in 8.4%, assessing response after/during treatment in 3.7%, follow-up of previous PET/CT in 12.1%, and others in 0.9%. PET/CT changed the stage in 19.6% and affected the management plan in 11.2% only. Fifty-two scans needed pathological pursuit as decided by investigators; of them, PET/CT for the lesions that could have changed the stage reported indeterminate/equivocal results in 32 (29.9%) of all scans. The pathological pursuit for the equivocal lesions on PET/CT scans was done in only 12 of 52 (23.1%) scans. Conclusions: Local guidelines for ordering PET/CT scan are suggested because overuse was documented, and an evidence-based approach should be respected before its use.
Background
Gastrointestinal (GI) cancers are a heterogeneous group of tumors, with different biological and clinical behaviors, and no single imaging modality can provide all the necessary information for any given GI tumor [1] . Therefore, wellchosen combinations of available imaging modalities are required for optimal evaluation of GI cancer patients; it depends on indications, strength, and limitations of each modality [2] .
Computed tomography (CT) scanning and magnetic resonance (MR) imaging provide an important and necessary anatomical evaluation of the tumor, and on the other hand, positron emission tomography (PET) provides a functional evaluation that is, in many case scenarios, not less important.
In the early 1970s, PET was developed, about the same time as MRI and after CT [3] , and was introduced into clinical use in the 1990s. It works by using natural molecules (e.g., glucose or amino acid) after labeling them with positron emitting radioisotopes. FDG (fluorodeoxyglucose) is a glucose analog, and it is the most widely used isotope, characterized by having a relatively long half-life of 110 min [4] .
Despite the important role and the amount of information that can be provided by PET scanning, it has many pitfalls that can sometimes confuse the treatment plan and negatively affect the outcome. The most important disadvantage is the relatively high levels of both false-negative and falsepositive results. Radiologists' reports of PET scans are sometimes uncertain and use equivocal expressions like indeterminate or suspicious. With false or equivocal results, the PET scan can be not only confusing but also misleading. It can deem some patients' incurable and make them avoid curative procedures or, on the other hand, can make some patients have unnecessary interventions.
The high cost is another important disadvantage. Production of the short-lived radionuclides is very costly. Maintenance is also costly, and few universities and medical institutes can maintain such systems [4] .
As a result, it has become imperative to set guidelines for ordering PET scan. NCCN (National Comprehensive Cancer Network) set evidence-based recommendation for recommending PET/CT scan in the staging, followup, restaging at relapse, and assessing response to therapy in different GI cancers. NCCN guidelines stated recommendations of variable levels of strength in mainly two GI cancers, esophageal (including gastroesophageal) cancer and colorectal cancer, in the following case scenarios: [5] Esophageal cancer:
Staging 2. Response assessment after initial therapy
Colorectal cancer: restaging after relapse in the following conditions:
1. In case of resectable liver or lung metastasis: to exclude extrahepatic or extrapulmonary disease respectively 2. In case of post-operative presacral density: to distinguish postoperative changes from residual or recurrent cancer 3. In case of persistently elevated CEA with negative CT scan: to search for occult disease especially peritoneal or ovarian metastases PET scan has been available at our institute, since the 1990s. In October 2005, the integrated PET/ CT scan was introduced to the routine practice. Since then, a significant increase in its use in different clinical case scenarios was noticed. At the time of conducting this study, the average monthly performance of the exam is 450.
There has been a strong notion among many physicians at our institute that PET/CT scan is overused and that there is weak adherence to the guidelines which makes PET/CT scan ordered almost routinely in many cases in the absence of appropriate indications.
Aim
This study was conducted to study the pattern of PET/ CT scan use in the non-colorectal GI malignancies (cohort 1) at our institute, which is one of the largest tertiary medical centers in the middle east, and its adherence to evidence based guidelines, to identify the rate of suspicious/equivocal versus clear positive or clear negative results and whether the pathological pursuit was carried out for those indeterminate lesions or not, and finally to identify the rate at which PET scan has changed the management plan during the study period.
Colorectal cancers (cohort 2) will be done in a different study. The study design was a retrospective design.
Methods
All cases of non-colorectal gastrointestinal cancers (NCGIC), diagnosed from January 1, 2007, to December 31, 2008, were identified using the cancer registry database "the hospital tumor registry software CNExT (C/ NET Solutions, Berkeley, CA)." NCGIC include esophageal cancer, gastroesophageal junction and gastric cancer, pancreatic cancer, hepatobiliary cancers, and GI well-differentiated neuroendocrine tumors. Those who had PET/CT scan at our institute were identified. Data collection form (DCF) was filled out for each case using data from the patient's paper and electronic charts. Descriptive statistics were used for patient characteristics and best tumor response. Tabulation and statistical data analysis were done using JMP-SAS statistical software application (version 9.4: SAS Institute, Cary, NC, USA).
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Results
Two hundred thirty-seven patients were found with non-colorectal gastrointestinal cancers from January 1, 2007, to December 31, 2008 (over 24 months). Of them, 77 patients (32.5%) had 107 PET/CT scans till July 2015 (last date of data collection). Median age was 59 (21-86) years. Males were 45 (58.8%).
Their primary diagnosis was as follows ( Fig. 1 ): 46.8% esophageal cancer and gastroesophageal junction (GEJ) cancer, 15.6% gastric cancers, 11.7% pancreatic cancers, 11.7% hepatobiliary tumors, 10.4% neuroendocrine tumors, 2.6 % gastrointestinal stromal tumors (GIST), and 1.3% small bowel cancer.
Indications of requesting PET/CT (Fig. 2) were as follows: staging in 59.8%, follow-up after finishing treatment in 14.9%, restaging at relapse in 8.4%, assessing response after/during treatment in 3.7%, FU of previous PET/CT in 12.1 %, and others in 0.9%.
PET/CT changed the stage in (19.6%), either upstaged due to new lesions (6 of them were lymph nodes, liver lesion in 4, others either in adrenal gland or bone), while 1 patient was downstaged, and affected treatment plan in 11.2%, either upstaged, where we canceled their radical surgery and changed to palliative chemo treatment, diagnosed progressive disease, and stopped treatment, or downstaged, then the patient was eligible for curative surgery.
PET/CT reported indeterminate or equivocal results in 32 (29.9%) out of 107 scans ( Fig. 3 ). Those data were taken directly from the exact wording of the radiology reports indicating inconclusive results of such scans; lesions were considered indeterminate if false-positive or false-negative settings were highly suspected, if they had no or minimal FDG avidity because of small size, or if the clinical settings indicate false-positive results such as inflammatory or post-operative settings. Examples are in Fig. 4 a, b . In the first case ( Fig. 4a ), PET showed indeterminate result due to mediastinal mass of low avidity, and pathological pursuit was done by FNA which was negative for malignancy. While in Fig. 4b , PET showed indeterminate lesion in the left adrenal gland, and pathological pursuit was not done due to appearance of peritoneal lesions, which indicate progressive disease. Investigators reviewed the clinical setting of each PET/ CT scan, and as per their best clinical judgment, there was a need for pathological pursuit because findings were indeterminate in 52 scans; of them, PET/CT for the lesions that could have changed the stage reported indeterminate/equivocal results in 32 (29.9%) of all scans. However, the pathological pursuit for the equivocal lesions on PET/CT scans was done in only 12 of 52 (23.1%) scans ( Fig. 5 ). 
Discussion
PET-CT is a powerful radiological tool in different management stages of gastrointestinal malignancies including staging workup and post-treatment follow-up. But as an investigational tool, it has its own limitations. Besides its high cost, false negative and false positive as well as equivocal results are the main limitations. This study done at our institute shows a high rate of non-adherence to the guidelines with almost 60% of PET/CTs ordered for staging purposes, while results of many studies show its lower yield in staging workup. A systematic review of 12 studies of the staging use of PET scan in esophageal cancer revealed sensitivity of 51% and specificity of 84% in detecting locoregional disease and sensitivity of 67% and specificity of 97% in detecting distant metastasis [6] . And for locoregional N staging, high false-positive results of FDG-PET have been found and most of them related to an inflammatory process [7] .
However, the extra benefit of PET over CT scan in the preoperative staging evaluation of esophageal cancer was tested in a randomized trial conducted by the American College of Surgeons Oncology Group, in which 262 patients with non-metastatic potentially cases after CT of the chest and abdomen were randomly assigned to PET or no PET [8] . With the caveat that 22 percent of eligible patients did not undergo esophagectomy for a variety of reasons, PET after standard clinical staging identified biopsy-confirmed M1b disease in only nine patients (5 %) and unconfirmed evidence of M1b disease (which was accepted by the surgeon as evidence of metastases without biopsy confirmation) in 18 others (10%). An important limitation of the trial was that the integrated PET/CT was not used. For primary gastric malignancy, PET/CT is associated with a low detection rate (about 55%), especially for early stage, as well as mucinous, signet-ring cell, and poorly differentiated adenocarcinomas, which are typically less metabolically active [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Moreover, it is not uncommon to see variable and occasionally intense physiological uptake within the gastric wall, which may mask FDG uptake by the primary tumor. In addition to that, increased FDG uptake may also correspond to the presence of gastritis. Therefore, PET/CT has a limited role in the detection and T staging of gastric cancer.
In patients with pancreatic cancers, Glucose intolerance is frequently encountered. High serum glucose level can compete with FDG uptake in the pancreatic tumor and can even lead to false-negative PET findings [18] .
The performances of PET/CT for detecting malignant pancreatic tumors have been shown to be equivalent to magnetic resonance imaging [19] [20] [21] [22] .
In gastrointestinal stromal tumors, PET/CT is now the imaging modality of choice because of its high sensitivity in assessing early therapeutic response to imatinib or other targeted therapies [23] . Thus, PET/CT is beneficial in doubtful cases and when the early prediction of response is of special concern (e.g., preoperative cytoreductive treatments).
Also, PET/CT is not recommended for the detection of hepatocellular carcinoma (HCC), as several studies have demonstrated variable FDG uptake values due to wide range of levels of glucose-6-phosphatase activity and glucose transporters present in HCC [24] [25] [26] [27] , with an overall sensitivity of 50-65% [28] [29] [30] . According to the FFCD, NCCN, and ESMO guidelines, PET/CT is presently not recommended in the diagnosis, staging, and management of HCC.
In gallbladder cancer, there is a lack of evidence supporting the use of PET, and larger studies still needed to determine the potential of this technique in influencing patient outcomes.
In our study, PET/CT changed the stage in 19.6% of cases and changed the management plan in 11.2% only, while in many studies, PET findings led to a significant change in patient management in about one third of the patients in esophageal cancer [31, 32] , and in gastric cancer, gastrectomy was shown to be unnecessary in 6-10% of patients [33] .
Our explanation for this lower rate of impact on stage and/or management is the lack of accurate interpretation of PET-CT results that could be due to overuse in non-indicated clinical scenarios, which lead to dilution of clinically significant results.
Early detection of recurrence using imaging techniques is challenging due to tissue changes induced by surgery and/ or radiotherapy. However, the available data are insufficient to draw any conclusion and PET/CT cannot be widely recommended in this setting. And our results in this setting was 27% of all requested PET-CT (14.9% in follow-up after the end of treatment, 8.4% in restaging at relapse, assessing response after/during treatment in 3.7%), which present a huge portion in non-indicated setting.
In this study, PET/CT scan reported indeterminate or equivocal results in 32 out of 107 scans (29.9%) which is a relatively high equivocal reporting of lesions. Generally, lesions were considered indeterminate if false-positive or false-negative settings were highly suspected, if they had no or minimal FDG avidity because of small size, or if the clinical settings indicate false-positive results such as inflammatory or post-operative settings. Investigators reviewed the clinical setting of each scan, and as per their best clinical judgment on a retrospective basis, they decided that in 52 scans (out of the total 107), there was a need for pathological pursuit because findings were indeterminate and that could have changed the stage and hence affected the management. However, that was only done after 12 scans of those 52 (23.1%), and that is a low percentage of further confirmation with pathology and could be due to lack of knowledge of PET/CT scan limitations including falsepositive results which leads to over trust of PET/CT by some treating physicians.
Therefore, pathology in certain clinical scenarios remains the standard tool to confirm the presence of malignancy and should not be replaced by PET.
The main flaws or limitations of the study were as follows:
The sample selected was from 2007 to 2008 and followed to 2015, which was the time of implementing PET/CT at our institute and time to examine adherence to guidelines and test its limitations. Data collection does not undermine the credibility or validity of these data because the diagnostic approach, as well as clinical settings, has not changed.
The sample size is 77 cases, which underwent 107 scans, which was chosen to fulfill the aim of the study to see the pattern of use of PET/CT scan in GI cancers and to check the adherence to the NCCN guidelines. Sensitivity and specificity PET/CT are completely out of the scope of this study. It is basically an assessment of the use of certain diagnostic tool in certain situations at a certain place and not diagnostic research that should have a certain sample size for a threshold of sensitivity and specificity. Therefore, the sample size was not necessarily large, and in order to see representation from all types of the GI cancers, cases of non-colorectal GI cancers were lumped together because what we are interested in is to see the pattern of use and not the clinical yield of PET/CT scan. Having said that, the cases for colorectal cancer were preplanned to be published in a separate report and we planned to just publish the data on non-colorectal cases in this report.
Last, the study did not dwell on the reasons for not pursuing the pathological diagnosis, because they were either dangerous to perform the biopsy or due to the interventional radiologist refusal or even the patient refused after the risks were explained to him.
Conclusion
This study shows low adherence to the NCCN guidelines of the use of PET/CT scan in the management of GI malignancies, which in turn leads to overuse or even abuse of PET/CT scanning. PET/CT scan is very useful in many case scenarios but should not be done routinely.
Physicians requesting PET/CT scan need to know the causes and rate of the false-positive and false-negative results which make the main caveat in PET/CT interpretation. On the other hand, most of the positive or equivocal lesions in this study were not pursued by pathological confirmation even if they are management changing. Pathology remains the standard method to confirm the presence or absence of cancer at any site and should not be replaced by PET/CT except in special clinical situations.
